Background and aims The aim of this prospective followup study was to analyze which patient characteristics predict better functional ability, as well as improvement in the ability, following knee replacement in the aged. The focus was on the impact of specific comorbidities and radiologic data. Methods Knee osteoarthritis patients aged C75 years (n = 167) scheduled for knee replacement answered to a questionnaire asking about performance in the activities of daily living (ADL) before the operation, and 1 year afterwards. Radiologic data were evaluated from the latest radiographs, and comorbidity data from patient records. The primary outcome was a sum score indicating how many ADLs (out of 10) the patient was able to perform without difficulty. The factors associated with ADL performance were analyzed with adjustment for age, gender, Charlson's comorbidity index and Kellgren-Lawrence score. Results Knee replacement resulted in improved performance in almost all the analyzed ADL activities. Except for cardiac diseases, the effect of the analyzed comorbidities on ADL performance was not significant. Older patients and women attained lower final functional ability than younger patients and men, but improved similarly. In more progressed osteoarthritis, the final ability was lower, but the improvement gained was greater. Conclusions Comorbidity, age, or more progressed osteoarthritis should not be considered an impediment to knee replacement. Even though the final functional ability may be lower in some, the improvement gained by surgery is similar regardless of comorbidity, and was more pronounced in more progressed disease.
Introduction
Osteoarthritis is the most common joint disease worldwide and a leading cause of musculoskeletal disability [1] . The prevalence of clinical knee osteoarthritis (OA) increases steadily with age, so that almost half of the population aged 80 and over is affected [2] . OA is associated with pain, functional disability and impaired quality of life [3] and is one of the most disabling diseases in the aged [4, 5] .
Total knee arthroplasty (TKA) is an established treatment of severe OA [6, 7] . The use of TKA is on the rise as the population ages [8] . The surgery is performed when pain, stiffness and reduced function of the knee substantially impair quality of life and non-surgical treatments are inadequate [6] . TKA not only results in improved quality of life and functional performance and reduced pain [9] , but is also cost-effective [10, 11] . Furthermore, the effects of TKA are largely independent of patient age [9, 12] . However, the functional benefit after TKA is considered to be the less favorable than after total hip arthroplasty [9] . While physical function is obviously more limited in the aged after TKA when compared with younger patients [9] , it is increased compared to baseline [13] , and the smaller gains are possibly related to existing comorbidities [14] . Although age should not be a contraindication for TKA [13] , it is unclear which older patients are those with the best capacity to gain from TKA [15] . The expectations and motivation of the patient certainly play a role [16] , but previously the qualities of a patient have not been very good at predicting the results [15] . The study on the effect of gender or obesity has been conflicting [13] , as well as research on the effect of number of comorbidities [15, 17] . The effects of specific disease groups or radiologic findings remain to be discerned. Women may attain lower function than men, but improve similarly [17] . This might be explained by especially older women presenting with higher mobility restriction and more progressed OA at the time of surgery [7] . However, the role of comorbidities in explaining this difference is not known. Studies have often focused on the possible predicting power of obvious demographic factors [18, 19] . The criteria for surgery vary notably between surgeons [20, 21] , and the most deciding factors seem to be not directly health-related [22] . Hence, there is a need for more specific evidence-based criteria for selection and prioritization, especially given the ever-increasing need for TKA in the population [23] .
The aim of this prospective follow-up study was to examine the effect of different comorbidities and radiological findings on performance in the activities of daily living 1 year after TKA in osteoarthritis patients aged 75 years or over. We sought to find the patients who would benefit the most and the least from the operation, based on the information that the treating clinician already has access to.
Methods Participants
The potential participants were identified from the patient database of a publicly funded orthopedic hospital specializing in joint replacement in Finland, in 2010-2011. The target population of the present study consisted of patients with primary knee OA who were scheduled for primary knee replacement. Exclusion criteria were age under 75 years at the time of surgery, indication for surgery other than primary knee OA, and revision operation. Those patients failing to respond either questionnaire or who did not undergo the operation for any reason, or who responded to the first questionnaire after the surgery, were also excluded. All operations were performed by senior orthopedic surgeons dedicated solely to joint replacement surgery or by residents in orthopedics (at a late stage of their training) under direct supervision of a senior surgeon.
Patients were mailed a questionnaire concerning their functional ability while queuing for the surgery, and 1 year after the operation. The non-responders in the second questionnaire were sent a reminder 3 weeks afterwards. Due to the short waiting time before surgery, the first questionnaire did not have a reminder.
The patients were recruited in two phases: between January 4 and February 26, 2010, and between March 22 and December 16, 2011 . The patients of the first phase were recruited initially to the preliminary cross-sectional study [19] and later to this follow-up study. Then, the second recruitment phase was carried out to achieve greater sample size for the present follow-up study. We included consecutively the first 100 patients in the first phase and the first 200 patients in the second phase who fulfilled the inclusion criteria. The recruitment periods lasted as long as it took to achieve the predetermined number of patients. Of the 300 patients recruited to the study, 167 responded to both questionnaires and were included in the present study (Fig. 1 ).
Variables
The data were collected from three sources. The data about functional ability, mobility, form of dwelling and help needed in domestic tasks, as well as the need for assistive devices, were collected by a mailed questionnaire. Data on comorbidities and complications were gathered manually from patient records of the operating hospital and the adjacent university hospital. Those complications which took place before December 2013 were included. Radiologic findings were measured or evaluated from the latest radiographs taken before the operation. All the patient records and X-rays were examined by a single researcher (LV). A sample (n = 20) of the X-rays was later reviewed by an experienced orthopedic surgeon (TP), who was blinded to the original measurements, for reliability of measurement.
Concerning functional ability and mobility, the patients were asked whether they were able to (1) bathe, (2) dress and undress, (3) get in and out of the bed, (4) rise from a chair, (5) do light housework, (6) do heavy housework, (7) do grocery shopping, (8) walk indoors, (9) walk 400 m, and (10) use stairs. The first seven measures are well established as activities of daily living (ADL) or instrumental activities of daily living (IADL) [24, 25] , while the last three are based on the commonly used Knee Society score [26] . The ability to perform these activities declines rapidly around 80 years of age [27] . Furthermore, self-reported function has been shown to closely correlate with objective measurements [28] . Those ADL/IADL on which TKA would not probably have an effect, such as using a telephone, were not included in the questionnaire. It has also been shown that omitting those ADL that measure primarily cognition produces a more consistent measure of ability [29] .
The response options for the questions concerning ADL performance were (1) without difficulty, (2) with difficulty, (3) only with assistance and (4) unable. Instead of using the existing validated orthopedic measures (like the Western Ontario and McMaster Universities Osteoarthritis Index) that incorporate largely the same functions, we chose this approach to evaluate ability-rather than degree of difficulty-to perform different activities. This is important because one of the main goals when performing a joint replacement in older patients is to maintain and improve their independency.
Because majority of patients were able to perform most ADL activities without difficulty or with difficulty (i.e., independently) already before the operation (Online Resource 1), the answers were further categorized into two classes for the analyses: (1) without difficulty, and (2) other. By summing the number of those activities the patient was able to perform without difficulty, we calculated a simple ADL score, with values 0-10, to represent the functional ability of the patient (ten points indicating independence in all measured ADL functions). This is based on the fact that there is a typical pattern which disability follows with respect to these activities [30] . A score similar to ours has been previously validated against known predictors of disability [29] , and even though our score includes less items, they range over a similarly broad spectrum of difficulty.
The options for help needed in domestic tasks were (1) never, (2) every month, (3) every week, and (4) every day. They were categorized as either needing help or not. As for assistive devices, patients were asked separately about needing them inside and outside the house, with options (1) always, (2) sometimes, (3) never. The type of the device was also asked. The answers were categorized as (1) no devices, (2) only outside, and (3) inside and outside the house.
The data on comorbidity were gathered using a case record form specifically designed for this study, with the focus being on chronic illnesses (18 different disease groups were included), previous fractures and operations. The form was designed so that the Charlson comorbidity index (CCI) [31] could be calculated. Patient age was not included in the index, since all patients would receive the maximum points in this respect. The latest hemoglobin and creatinine levels measured before the operation were also included to spot patients suffering from anemia (defined according to local reference values: \117 g/L for women and \134 g/L for men) or renal failure (based on estimated glomerular filtration rate) without being explicitly diagnosed with such conditions. Body mass index was based on medical records instead of the questionnaire. The American Society of Anesthesiologists physical function classification (ASA score) [32] was also collected from the records. Minimum joint space width (JSW), mechanical axis, and Kellgren-Lawrence (K-L) score [33] were examined and measured from the pre-operative axial long-standing X-rays using PACS (Agfa Impax 6, Agfa-Gevaert N.V, Morsel, Belgium). The skyline views were also checked for patellar dislocation. The axial deformity was classified as being over or under 11°, and into separate categories for varus and valgus deformities.
Statistical analysis
The primary outcome variables were the ADL score 1 year after the operation, and the difference in the scores pre-and post-operatively. As a secondary outcome, we dichotomized the variable indicating change in ADL score to identify patients whose functional performance did not improve (post-operative score was poorer than or equal to the pre-operative score).
The improvement in ADL scores was normally distributed, while the post-operation ADL scores were not. For clarity of presentation, we calculated the median, and 25th and 75th percentiles for both primary outcomes (Tables 1, 2 ). The statistical significance of differences in the ADL score changes were analyzed using independent samples T test for equality of means or one-way analysis of variance, for two-or three-category variables, respectively. For post-operative ADL score, Mann-Whitney U test and Kruskal-Wallis were used in respective analyses. The p values of the secondary outcome were calculated using Chi squared test. While the ability to perform any single ADL was not the focus of our study, we also analyzed, using McNemar's test, the change in performance separately in each activity.
Finally, factors associated with any of the outcomes were analyzed using binary logistic regression. For these analyses, we selected those variables where p was \0.05 for any outcome variable in the univariate analyses. The regression analyses were adjusted for age group, gender, CCI (as a proxy for comorbidity), and K-L score (as a measure of severity of OA). For these analyses, we divided ADL score improvement into two classes: (1) increased at least one point, and (2) no increase. The final ADL score was, respectively, divided into classes (1) 0-7, and (2) 8-10.
The interobserver reliability of radiologic measurements was analyzed with Bland-Altman analysis [34] . Mean difference for axial valgus deformity was 0.13 degrees (95 % limits of agreement -0.79 to 1.06). For varus deformity, the mean difference was 0.044°(95 % LoA -1.30 to 1.38). For JSW, the mean difference was 0.71 mm (95 % LoA -1.30 to 2.73). The kappa for categorized K-L score was 0.43, indicating only moderate agreement which, however, was expected [35] . The reliability of axial deformity can be considered excellent, and the reliability of JSW adequate.
Statistical analyses were performed using SPSS for Windows version 20.0.0 (IBM Corporation, New York, US). All p values were two-sided, and the limit for statistical significance was 0.05.
Results
The pre-operative state and demographic data are presented in Table 1 . The median age of the 167 patients was 79 (range 75-89), and 63 % were female. None of the patients reported living in sheltered housing or nursing home. 49 % lived alone and 16 % needed help in domestic tasks preoperatively. 30 % had undergone another joint replacement surgery previously. The response rate was 56 %. There were no significant differences in gender (Pearson's Chi squared test, p = 0.526) or age (Mann-Whitney U test, p = 0.338) between non-responders and responders.
Already before the operation, the majority of patients were able to perform most ADL activities independently (Online Resource 1). The improvement in specific ADL/ IADL functions is shown in Fig. 2 . There was improvement in all measured functions. In the most arduous activities, the improvement was most dramatic. The improvement was statistically significant in all functions except for bathing.
The median final ADL score was 9 (first-third quartiles, Q1-Q3; 6-10) and median change in the ADL score was 2 (1-4). 25 % of the patients showed no improvement or had poorer performance after than before surgery (Fig. 3) . Of the analyzed factors (Tables 1, 2) , only gender, age, use of assistive devices, and cardiac diseases were associated with the final ADL score, and gender, K-L score, and type of axial deformity with the improvement in ADL score in the adjusted analysis (Table 3) .
The final ADL score was higher in men (p = 0.027) and in those under 80 years of age (p = 0.002) ( Table 1) . After adjusting for K-L score and CCI, both gender (p = 0.025) and age (p = 0.016) remained significant ( Table 3 ). The improvement gained by the operation did not significantly differ between the age groups, but a greater proportion of men than women had improved ADL scores (p = 0.025). This difference remained significant also in the adjusted model (p = 0.029). Body mass index had no effect.
The use of assistive devices indicated a poorer ADL score (p \ 0.001) and remained significant in the multivariable analysis (p = 0.042 for devices used only outdoors, p = 0.005 for no assistive devices). The need for help in domestic tasks, on the other hand, predicted a greater improvement in the score in univariate analysis (p = 0.028) but the association was lost in the multivariable analysis (p = 0.316). Radiographic severity of OA was not associated with the final ADL scores. Worse K-L scores predicted greater improvement after surgery and also after adjustments (p = 0.041). Also, varus deformity was associated with better outcome compared to valgus (p = 0.018), whereas joint space width or the severity of axial deformity had no effect.
Of the comorbidities, cardiac diseases predicted distinctly poorer outcome, also in the adjusted model (p = 0.003). The diseases mainly consisted of coronary artery diseases and atrial fibrillation; some patients had valvular defects or sick sinus syndrome. The effect of anemia as a predictor of poorer outcome did not hold in the adjusted model (p = 0.140). While the effect of BMI did not reach significance, there was a strong trend towards those with high BMI having poorer final ADL score. Still, when BMI was analyzed as a continuous variable, the coefficient of determination R 2 was only 0.009, indicating almost non-existent association with the outcome. High blood pressure, amongst those who had no other cardiovascular condition, narrowly reached significance (p = 0.046) for a greater improvement in the ADL score. The CCI in itself was neither a significant predictor for any outcome (either categorized or continuous), nor was any other specific illnesses (Table 2 ). However, in some analyses, the patient numbers were small. Sixteen patients experienced complications or had reoperations. Two patients underwent revision surgery, one underwent patellar resurfacing, and one had manipulation under anesthesia. Seven other patients had a wound-related complication (prolonged drainage, hematoma or infection) and five had prolonged pain or swelling around the knee. The median final ADL score for those who had a complication was 8.5 (Q1-Q3; 3.5-10); while in those without complications, the median was 9 (6.5-10) (p = 0.490). Median change of ADL score was 2 (0-3) for those with a complication, and 2 (1-4) for those without (p = 0.666).
Discussion
This prospective study confirms earlier observations showing that TKA leads to improved performance in activities of daily living [12, 18, 19] and demonstrates that patient characteristics have a rather limited impact on the success of TKA operation in this respect. Few pre-operative characteristics showed statistically significant association with the outcomes, and even then, their actual effect on the ADL score is low. However, heart conditions are an exception, as they independently predicted inferior performance after the surgery. Based on the observations concerning K-L scores, the need for assistive devices and assistance in domestic tasks, it seems clear that when the OA progresses, the improvement gained from the surgery increases. The final functional ability, however, remains lower than if the surgery had been performed earlier. Our study supports the previous findings in this regard [36] . The effect of K-L score on the improvement in functional ability has been noted previously [37] , and while we did not find an inverse correlation on the post-operative functional ability, such a correlation could not be ruled out. The improvement in ADL scores was clearly superior in patients with pre-operative varus deformity as compared to those with a valgus deformity. In previous studies no such difference was observed [38, 39] . However, since patients with varus deformity have impaired gait pattern and greater pain and disablility pre-operatively [39] , they plausibly have more to gain from the surgery.
The present study confirms and extends the existing knowledge in many ways. We found that age over 80 and female gender predict poorer final outcome, but the improvement of ADL score does not depend on age, as has been shown previously [7, 9, 13] . What comes to gender, it seems that while men and women improve similarly on average, a relatively large proportion of women did not improve at all. This difference in outcome variables, if confirmed in a larger sample, could well explain the discrepancy of previous studies [13, 17] . We attempted to account for the fact that aged women present with more advanced OA than men [7] by adjusting for K-L score. However, it is a rather crude method for assessing the severity of OA since the variation in those eligible for TKA is low. Still, other methods of severity assessment, such as JSW and the severity of axial deformity, were not associated with improvement. While the low effect of general comorbidity has previously been noted [13, 15, 17] , the results concerning the effect of heart conditions are, to the best of our knowledge, novel. As the change in ADL score was similar in patients with and without cardiac disease, the poorer overall performance appears to be related with the cardiac disease rather than with TKA. Later cardiovascular complications might also explain the effect, although patients aged 80 years have a low risk of such complications from TKA [40] .
The effect of high blood pressure is just barely significant. As those with a more serious cardiovascular condition were excluded from that analysis, the sample size is also small and there is no plausible mechanism explaining the result. Hence, the finding is likely coincidental. The apparent predictive value of undergoing bilateral surgery is very likely due to the fact that patients undergoing such surgery have to be considerably healthier than average TKA recipients. In previous studies, depression has adversely affected post-operative function [41, 42] , but we found no such effect, possibly due to the small number of patients with depression.
Our study has several strengths. Patients were treated in a single hospital within a period of a few years. Thus, the treatment and indications for surgery was similar for all patients. Although only two thirds of patients responded to the pre-operative questionnaire-largely because the questionnaire was administered only a short time before the surgery [43] -over 80 % of them completed the follow-up phase. Furthermore, we found no significant difference in responders and non-responders with respect to age and gender, and according to an earlier study [43] , it can be expected that there were no significant differences in functional ability either. Often there has been a comparison group of non-operated patients in studies concerning mobility [12, 18, 44] , causing inevitable selection bias. In the present prospective setting such a bias could be avoided. By collecting comorbidity data from medical records and by assessing severity of osteoarthritis from radiographs instead of relying on patient report, we could avoid recall bias and improve accuracy of data. We were also able to investigate whether complications would explain a poorer improvement or outcome, and found no such connection.
We acknowledge some weaknesses of our study. Although the patients in our study had considerable comorbid burden, those with the most severe conditions and the poorest health were probably not considered candidates-or were not willing themselves-to undergo surgery. Therefore, all aged patients suffering from OA cannot be expected to gain similar benefit from the operation. Furthermore, we could not determine whether the OA of other joints had an effect on the ADL scores. However, the effect of other existing joint replacements was not significant for any of the outcomes. The number of patients in some disease groups was very low. As we retrospectively reviewed patient records, we could not assess the effect of undiagnosed geriatric conditions, such as cognitive disorders or malnutrition, or take into account the severity of individual diseases. We agree that there are validated functional performance and quality of life instruments that could have been used in our study. These measures are, however, designed more from an orthopedic than geriatric point of view and they measure rather difficulty than ability to perform different ADL activities. The ADL measures and grading we used have been widely used in aging research, and our results illustrate the effect of knee replacement on individual ADL activities. Although the 10-point scoring system we used has not been validated, the recent work by Kingston et al. [29] gives support for our approach. For the analyses, we dichotomized the performance in ADL activities. However, with the exception of being able to do heavy housework, and to a lesser extent walking 400 m and grocery shopping, there were relatively few patients who could not perform any single activity without assistance or at all. Thus, relatively little information was lost in the dichotomization process.
Since the ADL score of many patients was decent even before surgery (42 patients had a score of 8 or higher), there was a definite ceiling effect on the score improvement. However, we sought to circumvent this by analyzing the secondary outcome variable of whether there was any improvement at all, as only four patients had a score of 10 before surgery, and found no significant predictors apart from gender. The factors that predict gaining no improvement from TKA thus remain unclear.
Conclusion
Knee replacement has a definite positive impact on the functional ability also in the oldest patients. The effect of comorbidities on the outcome is generally small; however, cardiac diseases, as well as female gender and age [80 -years, predict poorer outcome. Nevertheless, the surgery remains beneficial also for these patients, as they mostly show gains in functional ability similar to other patients, compared to their own baseline. Patients with more advanced osteoarthritis gained more in ADL score than those with milder osteoarthritis pre-operatively. Further research is needed on a larger population to evaluate the outcomes in the longer term and to explore the mechanisms behind these results in more detail. Further, the group of patients not benefitting from the surgery will require more detailed attention.
